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Since the mid-1970s, the National Institutes of Health has sponsored many large, population-based cohort studies that examine the relation between baseline risk factors and development of acute and chronic diseases. With growing knowledge of risk-factor/disease associations, interest in expanding the scientific uses of the cohorts is increasing. At the same time, the challenges and costs of direct follow-up continue to rise over time. Identifying efficient follow-up mechanisms for established cohorts will expand their scientific utility.
The Iowa Women's Health Study (IWHS) is a prospective cohort of 41,836 postmenopausal women. At baseline in 1986, the women were aged 55-69 years; by 1996, all surviving women had become eligible for Medicare (age 65 years). The baseline mailed questionnaire assessed diet, lifestyle, anthropometrics, family and personal medical history, and reproductive history (1), and 5 mailed follow-up questionnaires over 18 years built on these baseline data. Linking the IWHS cohort with Medicare enrollment and claims data offers an important opportunity to study many more health outcomes without increasing the survey response burden. Medicare provides electronic records of payments for a wide range of inpatient (since 1986) and outpatient (since 1991) health care, with the notable exceptions of prescription drugs (a benefit available in 2006) and long-term care. The data are an established population-based source of detailed health information on the elderly (2-5). The combination of the Medicare data and the population-based Surveillance, Epidemiology, and End Results (SEER) Program cancer registries' data is the basis for many seminal papers on cancer outcomes (6) (7) (8) (9) .
Linking cohorts to administrative data is particularly valuable for studies of endpoints associated with high levels of morbidity or mortality because the completeness of the administrative data reduces loss to follow-up. Likewise, as cohorts age, challenges associated with response burden, cognitive decline, and institutionalization limit the completeness of survey-based follow-up measures. In such cases, external measures, such as health care claims, provide opportunities for validation or direct measurement of these endpoints. Finally, without alternate sources to measure endpoints, it may not be possible to evaluate new risk factor-outcome associations because of the increased recall bias that would result from survey-based assessments of long-prior events.
In this paper, we evaluate the success of linking the IWHS cohort with Medicare data and demonstrate the potential of these linked data. We use hip fractures to illustrate the value of the linkage and the issues that may pose challenges to using linked data. Hip fractures are relatively common among older persons, at 9.2 hospitalizations per 1,000 women in 2006 (10) . In 1994, Baron et al. (11) reported that hip fracture claims had a high degree of internal consistency between hospital and physician reports. Hip fractures are also associated with high (more than 20%) 1-year mortality in the elderly (12), making survey-based assessments of hip fracture incidence challenging.
MATERIALS AND METHODS

Data sources
The IWHS comprises a prospective cohort of women aged 55-69 years in 1986 randomly selected from the Iowa driver's license list. Of the 99,826 potentially eligible women, 41,836 responded to a mailed questionnaire (1 
Linkage
The IWHS cohort was matched to Medicare records by using the same algorithm that links Surveillance, Epidemiology, and End Results Program and Medicare data (13) . Each study participant's Social Security number, name, sex, and date of birth were submitted for linkage. Matches were determined based on combinations of these identifiers. Data for only 11 of those who were matched by this algorithm were discarded after further comparison of matching variables. Most of the mismatches were associated with children who were receiving benefits through the participant's Social Security number and a respondent was mistakenly linked to the child's Medicare records.
We identified those women whose Medicare claims were most likely to represent their complete health care experience. We selected women who had both Medicare part A (hospitalization) and Medicare part B (physician and other services) coverage and were not enrolled in a Medicare managed care plan (i.e., fee-for-service enrollees).
Assessment of hip fractures from self-report and Medicare data
Self-reported hip fractures were assessed on each of the 5 IWHS follow-up surveys. Respondents were asked to indicate whether a hip fracture had occurred since (the date of the last survey) but were not asked to report the exact date of the hip fracture. The baseline mail survey did not collect information specific to hip fractures but rather asked whether the subject had a history of any fracture after age 35 years. Hip fractures were identified from Medicare data by using International Classification of Diseases, Ninth Revision, code 820.XX from an inpatient hospital (MedPAR) claim (14, 15) . Although some women had multiple incident hip fractures, only the first hip fracture identified from each source was included in the analysis.
Statistical analysis
To assess the additional information provided by the linkage, we calculated the percentage of claims-based hip fractures also identified on a follow-up mail survey for women aged 65 years or older. Date of hospital admission was used as the date of hip fracture for those fractures identified from Medicare sources. Date of fracture for the self-report-only group was imputed as the halfway point between the date indicated on the survey (e.g., ''Since July 1989, have you suffered a hip fracture . . .'') and the date on which the survey was mailed (16) . Date of death was obtained from the linkage to Iowa vital records and the National Death Index for both IWHS and Centers for Medicare & Medicaid Services survival analyses.
Age-specific hip fracture incidence was calculated by using person-years of observation after age 65 years as the denominator and incident fractures as the numerator. Survey-based estimates censored subjects at their last survey response. Medicare-based estimates included only person-years of observation for periods with both Medicare part A and part B coverage and no managed care enrollment. We evaluated 1-year survival (days) after fracture using the Kaplan-Meier method. Figure 1 illustrates the timing of the IWHS baseline and mailed surveys with the gradual aging of the IWHS cohort into the Medicare program at age 65 years, along with the varying availability of Medicare data. As shown, while some IWHS participants were eligible for Medicare at baseline (1986), the entire cohort was not enrolled in the program until 1996.
RESULTS
Overall linkage results
Ninety-eight percent of the IWHS cohort survived to age 65 years (typical Medicare eligibility). We were able to successfully match 99.2%, or all but 93 of these women. Of the 858 who did not survive to age 65 years, 216 were linked to the Centers for Medicare & Medicaid Services data (25%). This enrollment prior to age 65 years included a mix of beneficiaries who qualified because of disability or end-stage renal disease (71%) and people who died close enough to their 65th birthday that their Medicare enrollment had been automatically initiated (29%).
All but 87 of the IWHS participants who survived to age 65 years and were linked to Medicare data had been, for at least some period of time, enrolled in the Medicare feefor-service program. Table 1 shows the number of IWHS participants who survived to age 65 years, enrolled in Medicare, and did or did not use health care, by calendar year.
Variability in maintaining both part A and part B coverage was a source of loss of Medicare-based information. Eight percent of the cohort had only part A coverage for some period of time after age 65 years, indicating the likelihood of a primary payer other than Medicare. Incomplete Medicare coverage impacted only 3% of the total potential person-years of observation for the cohort (546,083 of 560,131 possible person-years of observation).
Ascertainment of hip fractures
Overall, 1,195 women reported a hip fracture on a followup mail survey, and 2,246 women had a Medicare hospitalization for hip fracture. We found 781 women who had hip fractures according to both data sources (Table 2) . Only 35% of women with Medicare-identified hip fractures were also identified as having a hip fracture by using the survey data. On the other hand, 65% of women with a surveyreported hip fracture also had a Medicare-identified hip fracture. Failure to be enrolled in Medicare at the time of fracture was the explanation for approximately one-third of the 414 women who reported a hip fracture and for whom we could not find a corresponding hip fracture recorded in the hospitalization data. There was no clear explanation for the discrepancy for the remaining women.
The majority of the 2,246 women whose fractures were identified by using Medicare claims (74%) survived to the next follow-up survey ( women, representing 40% of all Medicare-identified fractures and 55% of survivors, responded to the first possible follow-up survey after hip fracture. The majority of these respondents (83%) reported having suffered a hip fracture. The percentage of hip fractures identified by Medicare that were also identified by self-report decreased dramatically across IWHS surveys. Loss to follow-up because of mortality increased over the study period. Only 68% of the Medicare-identified hip fracture patients between 1997 and 2004 were alive at follow-up 5 compared with 95% of those with hip fractures between 1986 and 1989 who survived to follow-up 2. This trend of increasing loss to mortality was influenced by both the aging of the IWHS cohort and the increasing time between follow-up surveys. In addition, the rate of survey response among hip fracture survivors decreased over time. Ninety-two percent of survivors who had a hip fracture between 1986 and 1989 responded to the next follow-up survey (1 or 2), but only 46% of survivors who had a hip fracture between 1997 and 2004 responded to follow-up 5.
Overall estimates of hip fracture incidence were lower when the survey-based measure compared with the Medicare-based measure was used (2.61 vs. 4.20 hip fractures per 1,000 person-years, respectively). The difference between survey and Medicare-based estimates of hip fracture incidence was minimal at younger ages but dramatically increased at older ages. In addition, the differences between survey and Medicare-based measures were maintained for all body mass index groups (Table 4) . Both approaches showed the expected positive association of hip fracture with age and negative association with body mass index. However, the gradient in risk ratios for the surveybased measure of hip fracture was less prominent than for those based on Medicare data.
Comparing the characteristics of the IWHS participants whose Medicare-identified hip fractures were not found in the survey data with those whose hip fractures were also reported on a follow-up survey provides important insight into the role of nonresponse bias in this population. Those whose hip fractures were also reported on a follow-up survey were younger at hip fracture than those with Medicareonly identified hip fractures (median age, 75.1 years vs. 77.6 years). The 2 groups did not differ on several other baseline risk factors for hip fracture: body mass index or waist-to-hip ratio (Table 5 ).
There were, however, substantial differences in estimated age-specific post-hip-fracture mortality. One-year mortality among those with Medicare-identified hip fractures was 14% compared with just 1% among the subset also identified on a survey. Mortality in the overall Medicare group increased with age, while mortality for women whose fractures were also identified by survey response was stable across age categories. It was not possible to calculate true 1-year mortality for those women whose self-reported fractures were not also found in Medicare data.
DISCUSSION
In cohorts such as the IWHS with high-quality identifiers, linkage with Medicare administrative data is feasible and technically straightforward. The linkage is particularly valuable for studying endpoints associated with high levels of morbidity or mortality since they will be more subject to loss to follow-up bias than outcomes with low levels of morbidity or mortality. Medicare also offers opportunities to more validly assess the population impact of high morbidity and mortality conditions, to measure the mortality associated with acute and chronic conditions, and to link that mortality to pre-event risk factors. With Medicare data, exact event dates are available, which offers increased precision for assessing both short-and long-term survival, costs, and associated health care use. Furthering the value of Medicare linkage are the detrimental effects of aging on the quality and availability of survey-based data. With age, challenges associated with mortality, response burden, cognitive decline, and institutionalization limit the value of survey-based measures. In such cases, external measures such as those from health care claims provide opportunities for direct measurement of disease incidence as well as external validation of responses. Conditions such as hip fracture that are unambiguous in their diagnosis and that require health care are ideally suited for analysis with Medicare claims data. The claims-based literature has grown considerably in recent years, and algorithms are available for a wide range of acute and chronic conditions such as stroke, small bowel obstruction, diabetes, congestive heart failure, and arthritis (17) .
Likewise, claims can be used to identify and quantify the receipt of health care, including influenza vaccination, elective joint repair, mammography use, and rehabilitation. Beyond using claims to assess risk factor associations, the data can also be used to estimate economic costs of disease, treatment patterns, and outcomes following diagnosis. All extend the value of baseline and follow-up data for these cohorts.
Some of the apparent mismatches between Medicarereported and survey-reported hip fractures represent selfreport errors. An earlier IWHS study of hip fractures (18) found that data on 12% of hip fractures reported on the survey could not be found in medical records. These mismatches were later confirmed by the respondent to have been erroneously reported on the survey. The Women's Health Initiative was able to confirm 78.2% of self-reported hip fractures with medical records (19) . These estimates are consistent with our findings that a measurable percentage of self-reported hip fractures may represent survey error.
In this example, we illustrated the value of Medicare claims for studying hip fractures in older women. We demonstrated that an analysis based on self-report would underestimate both the incidence of and mortality after hip fracture. The mortality effects, as we illustrated, are considerable. People rarely die directly from hip fractures; rather, fractures can start a cascade of disability that leads to complications such as pneumonia, sepsis, or the deconditioning resulting from the fall and associated immobility.
A key advantage to linkage with Medicare data is that they are available from a single source in standard formats, which results in considerable efficiency compared with There are attributes of the IWHS cohort that are unique and may contribute to the high level of success of this linkage process. Most importantly, the cohort had extremely complete and high-quality identifiers. We were able to link 99.2% of the IWHS women who survived to age 65 years. Second, there was relatively little Medicare managed care in Iowa. In the IWHS cohort, only 1% of the total possible person-years of observation after age 65 years was lost to managed care enrollment. The rest of the 3% loss was due to incomplete part A and/or part B enrollment. Managed care exceeds 30% in other areas of the United States (e.g., California) (20) ; linkages to populations in high-managedcare areas would observe significant loss. It is important to note that managed care enrollment varies over both geography and time. Thus, the loss due to managed care may change over time and differently across regions of the United States. Although managed care enrollees represent a source of missing utilization data, these enrollees will link to Medicare enrollment records, so the amount of missing data can be quantified.
Our high linkage rate is consistent with the experience of the Surveillance, Epidemiology, and End Results Program/ Medicare project. Medicare linkages do not reflect the experiences of the small percentage of people older than age 65 years who are not covered by Medicare-largely persons who never participated in the Social Security or Railroad Board Retirement programs. Others who may be underrepresented in Medicare populations include civil servants who, in the 1960s and 1970s, were allowed to opt out of Medicare, and a small group of elderly who have Medicare part A coverage (i.e., hospitalization) but not Medicare part B coverage (i.e., other services). Reasons for waiving part B coverage include having other (primary) insurance such as from an employer and relying on another system such as the Veterans Administration or Indian Health Service for primary care. In our study, we found that approximately 7% of IWHS participants spent some period of time without part B coverage. Overall, however, the impact on person-years of observation was minimal: we found complete part A plus part B fee-for-service enrollment for 97% of the potential person-years of observation for our cohort.
With expanded use of Medicare data for cohort follow-up, methodological advances will likely follow. One challenge is how to appropriately study a cohort with a large percentage of left truncation. That is, there are gaps between date of a survey and date of Medicare enrollment when it is unknown whether the outcome of interest was experienced. For 65% of the cohort, there was a gap between baseline survey and Medicare enrollment at age 65 years. Current Medicare data users often adopt approaches such as using the first year of Medicare enrollment to confirm that elderly are disease free or to identify comorbidities. With linked cohorts, the surveys themselves offer this opportunity, but the challenge of left truncation remains.
In conclusion, the linkage experience of the IWHS cohort illustrates the value of using Medicare administrative data to extend the utility of established cohorts for identifying additional endpoints, particularly those associated with considerable morbidity and mortality. Even when the condition of interest may not be associated with survival or response, administrative data may offer a means to reduce response burden and enable surveys to focus on topics such as quality of life and risk factor changes not measurable by using external data sources.
